
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




lilil mill III mil mil iiiii 
0 Publication number: 0 218 900 Bl 



© 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 22.01.92 © Int. CI.S; A61 K 37/18, B01D 61/00, 

^ A61M 1/28 

Qj) Application number: 86112307.3 



@ Date of filing: 05.09.86 



OQ 

o 
o 
o 

CO 
r— 

eg 
o 
a. 

LU 



@ Osmotic agents for peritoneal dialysis. 


@ Priority: 10.09.85 US 774261 


© Proprietor: RESEARCH CORPORATION TECH- 


@ Date of publication of applicaftion: 


NOLOGIES, INC. 


6840 East Broadway Boulevard 


22.04.87 Bulletin 87/17 


Tucson Arizona 8571 0(US) 


© Publication of the grant of the patent: 


@ Inventor: Klein, Ellas 


22.01,92 Bulletin 92/04 


5517 Hemstead Road 




Louisville, KY(US) 


© Designated Contracting States: 




CH DE FR GB IT LI SE 






© Representative: Patentanwalte GrLinecker, 


@ References cited: 


Kinkeldey, Stockmair & Partner 


WO-A-87/01286 


Maximilianstrasse 58 


■ 


W-8000 Miinchen 22(DE) 



TRANS AM SOC ARTIF INTERN ORGANS, vol. 
32, 1986, pages 550-553; E. KLEIN et al.: 
"Peptides as substitute osmotic agents for 
glucose In peritoneal dialysate" 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed In a written reasoned statement. It shall not be deemed to have been filed until the oppo^'^^^^ 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services" 



EP 0 218 900 B1 



Description 

The present invention relates to a novel method of performing peritoneal dialysis. More specifically, it 
relates to the use of relatively low molecular weight peptides as osmotic agents in a peritoneal dialysate. 
5 The normal function of the mammalian kidney includes such activity as maintaining a constant acid- 

base and electrolyte balance, removing excess fluids and removing undesirable products of the body's 
metabolism from the blood. In an individual with end stage renal disease, this functioning of the kidney may 
be reduced to as low as 5% or less of the normal level. When renal function has decreased to this point, 
artificial means must then be employed to substitute for the kidney activity, if life is to be sustained. This is 

70 accomplished clinically by the use of dialysis. One of the most common methods for achieving this is 
hemodialysis, in which the patient's blood is passed through an artificial kidney dialysis machine. In the 
machine, a synthetic non-permeable membrane acts as an artificial kidney with which the patient's blood is 
contacted on one side; on the opposite side of the membrane is a dialyzing fluid or dialysate, the 
composition of which is such that the undesirable products in the patient's blood will naturally pass across 

75 the membrane by diffusion, into the fluid. The blood is thus cleansed, in essentially the same manner as the 
kidney would have done, and the biood is returned to the patient's body. This method of dialysis requires 
the patient to by physically "hooked up" to the machine for several hours, often several times a week. For 
obvious reasons, this technique, although efficient, presents a number of inconveniences. 

Some of the disadvantages associated with hemodialysis, which requires extracorporeal treatment of 

20 the blood, are overcome by the use of techniques which utilize the patient's own peritoneum as the required 
semipermeable membrane. The peritoneum is the membraneous lining of, the body cavity which contains 
large numbers of blood vessels and capillaries and is thus capable of acting as a natural semipermeable 
membrane. Dialysis solution is introduced into the peritoneal cavity, via a catheter in th'e abdominal wall. A 
suitable period of residence time for the dialysate is allowed to permit the exchange of solutes between it 

25 and the blood; fluid removal is achieved by providing a suitable osmotic gradient from the blood to the 
dialysate to permit water outflow from the blood. Thus, the proper acid-base, electrolyte and fluid balance is 
returned to the blood and the dialysis solution is simply drained from the body cavity through the catheter. 
Although more than one type of peritoneal dialysis exists, the technique known as continuous ambulatory 
peritoneal dialysis (CAPD) is particularly favored, since it does not require the patient to remain tied to 

30 machinery while the solute and fluid exchange is accomplished. The only sedentary period required is 
during infusion and draining of the dialysis solution. 

One of the most difficult aspects of peritoneal dialysis, and yet one of the most important, is finding a 
suitable osmotic agent for inclusion in the dialysate. by which the required osmotic gradient would be 
achieved. By osmotically active agent, as used herein, is meant a substance present in the dialysis solution 

35 which is capable of maintaining the osmotic gradient required to cause transport of water and toxic 
substances across the peritoneum into the dialysis solution. The appropriate agent should fulfill at least two 
critical criteria. First, it must be. to a greater or lesser extent biologically Inert, i.e., non-toxic and yet 
metabolizable, and second, should preferably not rapidly cross the peritoneal membrane into the blood; this 
would allow maintenance of the maximum ultrafiltration gradient, and also would prevent toxicity or 

40 accumulation of unwanted substances in the blood. Absence of toxicity Is particularly important, since 
nearly any substance placed in the peritoneum will eventually find its way into the circulation, whether by a 
slow lymphatic drain, or by dialysis across the peritoneal membrane. To date, no known substance has 
completely satisfied these needs, although a number of different materials have been used with varying 
success. The agent which has currently achieved the most widespread acceptance is glucose. Glucose has 

45 the advantage of being non-toxic, and is so readily metabolizable if it enters the blood. The major problem 
with its use, however, is that it is readily taken up Into the blood from the dialysate. Although, as noted 
above, any substance will eventually find its way into the circulation, glucose crosses the peritoneum so 
rapidly that the osmotic gradient Is broken down within 2-3 hours of infusion. This may even cause a 
reversal of the direction of ultrafiltration, causing the unwanted result of water being reabsorbed from the 

50 dialysate toward the end of the time allowed for exchange. Further, the amount of glucose which is taken in 
may represent a large proportion of the patient's energy intake, possibly being as high as 12-35%; while 
this does not significantly affect a non-diabetic patient, it can be a severe metabolic burden to a patient 
whose glucose tolerance is already impaired. This added burden may be Implicated in the hyperglycemia 
and obesity, observed in a number of CAPD patients. Diabetic patients suffer from the further inconvenience 

55 and risk of having to add Insulin to the peritoneal dialysate, In order to reduce the risks of hypoglycemina 
resulting from the added glucose load. 

Use of glucose also presents problems in the preparation of the dialysate. Sterilization of the dialysate 
Is typically accomplished by heating which, at physiological pH. will cause glucose to caramelize. To 
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compensate for this the pH of the dialysaie is usually ad)usted to within the pH range of 5.0-5.5. This low 
pH so far below that which is normal lor the body, may be responsible (or the pam experienced by some 
pat'ients on inflow, and could also cause sclerosis of the peritoneal membrane, which will in turn cause a 
decrease in solute clearance (Schmidt, et al.. Arch. Int. Med., 1265-1266. 1980). 

These disadvantages make the finding o( a suitable alternative to glucose as an osmotic agent highly 
desirable A number of substances have been proposed to meet the cntena of being biologically inert, not 
readily crossing the peritoneal membrane, being non-toxic and exerting adequate osmotic pressure a flow 
concentrations To date, none of the suggested materials has proven to be an adequate substitute for 
glucose For example, the use of dextrans (G.essing, Acta Med Scan.. 185: 237-239, i960) or polyamons 
(U S Patent No 4 339 433) has been proposed because of their high molecular weight, which should 
minimize their diffusion across the pentoneum into the blood. However, the role of the lymphatic system in 
the process of solute transport apparently limits the advantages of the high molecular weight per se (Allen, 
et al Amer J Physiol 119- 776-782, 1937). Also, with respect to the polyamons. it is unclear as to what 
the toxiritteFts~3nhi"se~ould be, since most are non-metabolizable. Similar problems with metabolism 
are observed with compounds such as sorbitol, xylilol and glucose polymers. Sorbitol which ,s very slowly 
metabolized has been associated with instances of hyperosmolar coma and death (Ra)a, et al.. Ann. Int. 
Med 73- 993-994 1970). and is no longer used. Both xylitol and glucose polymers also have a tendency to 
i^mUate in the blood, and may be associated with unpleasant side effects (Bazyato, et al.. Trans Amer. 
Soc Artif Interm Organs, 28: 280-286. 1982). Fructose, which is comparable to glucose in its osmotic 
5i^acit7rali^hibitFl^^ny~of the same disadvantages; because of its higher cost, it has not achieved 

widespread use. , . n ,„i„,,,^h 

ly/lore promising Is the proposed use of amino acids to replace glucose. Ammo acids are well-tolerated, 
with no known adverse side effects (Oren, et al., Perit. Di^ Bull, 3: 66-72). Because of their low molecular 
weight they exert a higher osmotic effect, on a mass basis, than glucose. This also probably resul s, 
however in a more rapid uptake into the blood, causing a rapid loss of osmotic gradient. Although, unhke 
glucose,' amino acid uptake may be beneficial, in that it may compensate for the protein loss observed in 
many CAPD patients, there is a considerable disadvantage in the almost prohibitive costs of ammo acid 
solutions when compared with glucose. Furthermore, the rapid uptake of amino acds results in a 
considerable nitrogen burden, with a significant increase in blood urea nitrogen levels. Thus, it appears that 
even amino acids do not provide the appropriate substitutes. 

The present invention, however, now provides improvement in the method for peritoneal dialysis which 
employs an osmotic agent which Is not only a safe and beneficial alternative to glucose, but which also is 
economically feasible. It has now been unexpectedly discovered that a mixture of relatively low molecular 
weiqht oligopeptides (300-2000 daltons) derived from the enzymatic hydrolysis of a high quality protein, 
such as whey protein, may be used as an effective osmotic agent in a peritoneal dialysis solution; .n 
comparison with an amino acid solution, the somewhat higher molecular weight of the peptides prevents the 
rapid uptake into the blood, allowing a more effective maintenance of the osmotic gradient as we as 
preventing the unwanted increase of nitrogen in the blood. The peptide mixture, which is ultimately 
although very slowly, absorbed into the serum further provides a valuable dietary supplement, being derived 
, from high-quality protein. Finally, the present peptide mixture provides an inexpensive and easily obta-nab e 
source of osmotic agent. Other peptide mixtures, used for medicinal purposes, have been previously 
described For example, U.S. Patent No. 4,427,658 describes a protein hydrolysate derived from enzymatic 
hydrolysis of whey protein. In that case, nearly total enzymatic hydrolysis was claimed to be performed, 
with no separation of larger from smaller peptides. Therefore, the resulting product apparently contains 
, peptides of much larger sizes, possibly up to 5000 daltons or more, in the final mixture. These may pose 
antigenic and/or allergic risks since pinocytotic uptake from the peritoneum to the blood is known. This is 
significantly different from the carefully separated, relatively low molecular weight mixtures of the present 

'"''^The" present invention relates to a composition useful in peritoneal dialysis which comprises an 
0 osmotically effective amount of a mixture of peptides, the mixture substantially consisting of peptides 
having a molecular weight of between 300-2000 daltons, and equivalent weight between 150-1500. in 
combination with an electrolytically osmotically-balanced peritoneal dialysis solution. 

It further relates to a peritoneal dialysate which comprises as an osmotically active agent the above- 
mentioned mixture of small peptides. , 
5 The present invention also provides a method for the isolation of the above-mentioned peptide solutes 
which comprises contacting the aqueous solution with one side of a dialysis membrane capable of allowing 
the transport of the solutes, simultaneously contacting the opposite side of the membrane with substantial y 
pure water derived from a reverse osmosis unit fed from a reservoir, the water having a sufficient solute 
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concentration to allow transport of the solutes across the membrane into the water, directing the water and 
transported solutes to the reservoir, and accunvjiating transponed solutes in the reservoir by solute 
retention of reverse osmosis membrane. 

Figure 1 shows a diagrammatic representation of the combined dialysis reverse-osmosis scheme of 
5 isolation. 

Figure 2 shows the pattern of elution of the peptide mixture prepared in Example IB. 
Figure 3 shows the average amount of peptides, expressed as amine end group, remaining in the 
peritoneum over a 60-minute period. 

Figure 4 shows the average amount of glucose remaining in the peritoneum over a 60 minute period. 

10 The present pharmaceutical compositions contain as the active osmotic agent, peptide fractions of 
differing molecular weight distributions, each peptide having an upper molecular weight cut-off of 2000 
daltons. Generally speaking, the peptides' amino acid compositions are not particularly important, and, of 
course, will vary according to the source protein from which the mixture is derived. The most important 
feature is the selection of a low molecular weight population, which must be large enough to prevent rapid 

15 transport across the peritoneal membrane, and yet small enough to maintain the required osmotic gradient, 
as explained above. It has been determined that the most effective size range of the included peptides is 
about 300-2000 daltons; the equivalent weight should be between about 150-1500. with the preferred 
average equivalent weight being between about 250-750. 

The peptide mixtures may be readily prepared by hydrolysis of larger proteins. Protein hydrolysis may 

20 be accomplished by a number of known methods. For example, a common hydrolysis technique is boiling 
the protein in the presence of strong mineral acids or alkalis. This has the unfortunate effect, however, of 
potentially destroying or at least altering a number of the liberated amino acids. It also is difficult to control 
the product which is produced; acid hydrolysis will not necessarily break the protein in the same position in 
every case and thus results in an unpredictable product. The reaction is also quite rapid, and unless 

25 carefully monitored, will result in collection of individual amino acids rather than the desired mixture of small 
peptides. Thus, acid hydrolysis is not deemed suitable for the present purpose. A second possibility for 
hydrolytic tools are a number of chemical reagents, such as hydroxyamine or 2-nitro-5-thiocyano benzoate. 
each of which will cleave a protein only at specific parts in the chain. The preferred choice Is the use of 
enzyme hydrolysis to yield the desired peptide mixtures. Enzyme hydrolysis has the important advantage 

30 of being relatively easy to control, so that complete hydrolysis does not occur, and the product is of the 
desired molecular weight composition. 

There is a broad selection of enzymes from which a suitable hydrolytic agent may be chosen. Some of 
the possible choices are, among others, trypsin, chymotrypsin. papain, pepsin, or certain microbial 
proteases. A mixture of proteolytic enzymes, such as pancreatin (chymotrypsin and trypsin), may also be 

35 used. Each of these generally cleave protein at a specific site; for example, trypsin will cleave a protein only 
at the carboxyl side of lysine and arginine residues. Chymotrypsin will preferentially attack at the carboxyl 
side of an aromatic amino acid. Pepsin prefers to cleave hydrophobic amino acids. The various specificities 
of other proteolytic enzymes is well known and readily available to the experienced chemist. Because of 
this specificity, the end-product peptide mixture will differ depending, at least in part, on which enzyme is 

40 used for hydrolysis. However, as is demonstrated below, the actual composition of the peptide mixture is of 
little or no Importance, provided the proper osmolality is obtained, and the peptides are within the desired 
size range. It will be readily apparent to one skilled in the art which types of enzymes are useful for the 
present purpose. 

Another variable which affects the type of product produced is, of course, the type of protein which is 
45 hydrolyzed. Although virtually any type of dietary protein is a suitable substrate, it is preferred that the 
protein used is a high quality protein. By the term high quality protein, as used in the present specification 
and claims, is meant a protein which contains a high proportion, generally at least 50%, and preferably in 
the range of 60% to 70%, of the essential amino acids, i.e.. lysine, leucine, isoleucine, methionine, 
phenylalanine, threonine, tryptophan, valine and histidine. Generally speaking, animal protein tends to be of 
50 a higher quality in this sense than vegetable protein; particularly good sources of high quality protein are 
collagen, certain bovine milk proteins, such as whey, and egg protein, particularly ovalbumin, although any 
protein which supplies the appropriate proportions of amino acids is useful. However, certain types of 
protein, such as casein, which contain a high percentage of phosphorus, are not appropriate substrates 
because of the necessity of limiting phosphorus intake in uremia. The reason for a preference for high 
55 grade protein is that, although the peptides do not, as do amino acids, readily diffuse across the peritonea! 
membrane, some diffusion is Inevitable. Since at least some of the peptides in the mixture will eventually 
pass into the bloodstream it Is desirable to insure that what does enter Is of nutritional value. The dialysate 
thus serves also, to some extent, as a parenteral feeding supplement, should diffusion across the 
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membrane occur. . ■ *u 

The most preferred prote-n substrate for peptide product.on .s m.ik whey protein. Whey protein .s the 
material which remains .n solution following the acd.f.cat.on of m.lk. ..e., after the prec.p.tat.on of the 
phosphoprotein casern. Whey prote.n is made up primarily of ^-lactoglobulin. a^iactalbum.n .m- 
munoglobulin and bovine serum albumm with over 60% being composed of the ^-lactoglobulm and a- 
lactalbumin fractions. The amino ac.d composition of these two proteins is well known, as shown .n Table 1. 
Whey protein has the advantages of being both easily obtainable and relatively inexpensive to produce. 

TABLE 1 
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AMINO ACID COMPOSITION OF ^-LACTOGLOBULIN AND A a 
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Asx(B) 
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Thr(T) 
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Ser(S) 
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Gln(Q) 
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Glx(Z) 
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Pro(P) 
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Gly(G) 
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14 


Ala(A) 
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5 


Cys(C) 
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10 


Val(V) 
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Met(M) 
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10 
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22 


Leu{L) 


13 
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Tyr{Y) 


4 


4 


Phe(F) 


4 


2 


Try(W) 


4 


15 


Lys(K) 


12 


2 


His(H) 


3 


3 


Arg{R) 


1 



The individual whey proteins are readily isolatable by virtue of their fractional solubility in ammonium su fate 
solution. A number of schemes exist for separation of the protein from various substances by its soKibn.ty m 
264 g/l of ammonium sulfate (see. for example, Armstrong, et a!., Biochem. Biophys^ Acg. l^- 60-72. 
1967 Aschaffenberg, et al.. Biochem. J.. 65: 273-277, 1957; Cervone. et al., Biochem ^ B.ophys. Acta. 295. 
555-563. 1973), Alternatively, it is alio "possible to obtain the individual whey proteins commercially 
(Siama); or as mixed protein concentrates (Express Foods). 

It will be immediately clear to the skilled chemist as aforesaid, that the actual peptide composition will 
vary according to the source of the protein and the enzyme used for hydrolysis. The enzyme is controlling 
because, as noted above, each enzyme attacks the protein at a specific amino acid or acids. Thus, the use 
of. for example, trypsin, will produce the same group of small peptides with each P^^^^^J 
substrate is the same. Therefore, given a controlled set of reaction conditions, it will always be possible to 
produce a predictable peptide mixture using the same pure enzyme and the same starting protein. It is true 
that most commercial enzymes may be contaminated with small amounts of other proteases. These 
contaminants may be responsible for the production of considerable amounts of free ammo acids, if the 
peptides are allowed to remain in contact with the enzyme. Removal of peptides in the desired size from 
the reactor as they are produced avoids the problem of production of unwanted ammo acids to a large 
extent It will be readily understood, in fact, that the actual composition of the peptide mixture, at least with 
respect to what peptides are present, is to a large extent irrelevant. The critical factor is ensuring that the 
size of the peptides produced is maintained within the prescribed 300-2000 dalton limit. 

As noted above it is important to monitor the hydrolytic process as it proceeds, in order to ensure tnat 



i 

1 



5 



EP 0 218 900 B1 



^>,ht r^ont.riP rnrriDOsilions. This is easily done because of 
the hydrolys,s yields the appropr.a.e f/^^^^^^^^^^ ,o msure lurther tha, s,gn„.cant 

the rela„ve slowness a. wh,ch the ^^V-^'^^, ^^^^^^^.P^^'^ .f ,eac.,on may be seen at a temperature 
amounts of ammo ac.ds do not become part of tt^e ^'^[^^^^d that the rate of enzyme cleavage ,s 
and/or pH wh,ch is other than ^P'^- ^ ' ^ be varied depend.og 
kept very low. The condit.ons required to ^/^^^^ ''^J^f J ^3 each a well-known procedure, the 
on the enzyme employed. S.nce enzymatic ^V^^^'^^'^, °' ^ ^^f^^^^e^e.^ enzymes is readily available ,n 
conditions required for op.mum ^;^o^^^o,s^^^^^^^^ ^ .^^^ ^ 

the literature (see. for example, U.S. Patent Nos. , experimentation, to select the 

procedures). I. is within the ability of the average '^''^Ve '^^^^^^^^ ^formation, 
procedure which is best su.ted .0 the substrate ^^^^^^^ ^/^^.^^^^X ^ e, V-e, or combination 0, 
Although the present invention may, as ^^^^jj^^^ or a t a ely. its component enzymes, 
enzymes, a particularly preferred enzyme is P^"^^^^''"".^''"';^;,; excessive amounts of amino 
chymotrypsin and trypsin, .n order to further -^^^^s^s'^e aU f e^^^^V^^ should be kept 

rngetill also be dependent on the method 0, seP-- em^^^^^^^^^^^^ , ; reprising a mixture 0, 

, pep^s^rXr::: " L mixture having the following 

^'Tthe mSure consists substantially 0, peptides having molecular weights of between 300 and 2000 
b) the mixture contains no more than 5 mole percent of free ami"o f^;^; 

' sr.:r rnr~rrr,r;r?^^^^^^^ pe.«o.e. 

fixture , co^ponen, e,.l».en, ''^''^^"^^"^.''"mT,^^ Ifie,' pl". wf.* 
„ „dr»„ze<. b, a cca,bi»,ion 0, ,„psin » ^rlT:^' used heC^alf, as osmo« agents ,n 
:r atdSr; fo;rns.r ... b„b^,e.,s », esse.., a..o acPs. »v 

„ is ,be peptLs con,a,ned In « se,*n « ' -'/^^ Tp . I* r,S-e«p,ession o, 
abPut 300 to about 2000 daltons. Ttte oput-alenl »ei9l>t ol he pepBOe o , , j,, „ 

,be molecutes- moteoutar weigh. ™.ati.e to the and solution 

:irrorjLrre:s^^rs,:r:^^ a 

molecular weight range be obtained. Other , . , ^ ^^n/nr n.irifvina the oeptide components of a 

A number o, diHerent -thods e.. in t^^^^^^^^^ -.a -^'^Cev^remainingVotein and 
solution. For example, tnchloroacetic ac.d (TCA) may be "j' ^ precipitating solvent, such as 

.5 enzyme there is in the reaction solution. A.terna e ^^ Z "^^ f Tept des' remaining in solution, 
acetonitrile (ACN) protein prec.p.tates a about 35-45 /c ^CN with t ^P ^^^^^ ^ ^^^^^ 

™SprHo:r reVte™ reS-re'::p Jp-. des„ed. ,e.. a pepfde 

„„,ecula, weight .s desited. Howeve,. ^-'^^T^T 'l er^ra tenS d «e,ence in iholecular 
reliable separahon cannot be obtained uoless ther. ''J'''f''°^[,l„^ ,^^ ,„ ,„„„,et,on w„h 
weight 0, the coi^ponents to b, ^1=:. wetght ntuch high., 

.esolullon ol the present pfoducl, il was toutmeiy '™ ^ molecular weight cut-on 

„ than 2000 daltons would "™' — ^t ' ris ^ curll, aveileble an, reliable 

irrr: i::t,l:;f:r iS .0. > pa,en, ..,u,e «hich ,s be,er«geneo„s ,n 

the molecular sizes of its components. 
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^^^rr^r^^ir anopitq howpvet 3 svstenn for the isolation of 
,n connecon w„h .he prepa.a.,on ^^J^^^^^^ Zs been developed. The 

low molecular weight solutes from a ^^'^^^^^'^^^f ^J''' ,„^binat,on of dialys.s and reverse osmosis, 
present method, wh.ch ,s based on the s.r^ple ^^'^l^f l^^^^^^ ^esen, product. However, 

has proven to be Pf -'^'V a-nab^ to . e pep , se a t o^^^ ^...ally any type of low molecular 
re,rt:o:;er:y"rrre:ur:e;,".^as"sed . .he^resent speof,ca.on and cla,ms. ,s meant 



weight solutes 

molecules of about 5000 daltons or less in size. oroceeds as follows: the 

,n general terms, the P^--, ^'^J— ^^^^^^ 
apueous so.ut.on -"'^^^^ the - u ,3^33,,, oppos,te side from 

the source reservoir ( reactor of Figure l). me aay ^^^^^^^ ^^^^^ 

the aqueous solution with a stream of fresh water provided by a ^^^^^ ^in' a sufficient concentration 
unit produces, under pressure, a supply of -'^^^"'^^^^^^^^^^^^^^^ and into the 

gradient to allow the dialysis of the relatively concentrated '^^'^Z l not generally dialyze at a 
stream. Since species with a molecular weight greater f ° .'^^^^^^^ a^d be returned to 

significant rate across a dialysis membrane, ^^^^^^^^er spec- ^^^^^ .^^^ ,33, 

the source reservoir, while low molecular weight reservoir 
water stream and flow into the reverse osmosis ^^^^^'^^^^^ /^^^^^^jf in turn, contacted with the 

is pressurized, the reverse osmosis element P-^^f 3; ,eular weight species and 

dialyzer membrane where it will again accumulate the <^'al^able. low y 
, transport them to the reverse osmosis reservoir '^^'^^^^^^^ reservoir significantly 

continued until such a time as the back P--; ; ^ 3 Tsed up.T^-"-"'^^^^^^ 

'ri;: r r "aX :i"s%r used as I .pending on the reguire- 

. "^^"?he principles behind both the -'vsis Process an. .e .v~ .ocess ar^^^^^^ .nown 
need not be discussed in great detail here. ''^'''Z ZTo^^^^^^^^^^ p.^ssure on a concentrated 

U.S. Patent No. 3.774.763) and can be charactenzed as a ^'^^''^ "^J"!""^^^^^ concentrated solution 

solution allows passage, through a ^^^^Z^^l^^^^^^^^ and isolates the 

to a more dilute fluid (e.g.. water or air). This procedure ^'^^^'^f^^^J'^ ^^^^^^ is ,he transfer of 

case of hemodialysis. ^.^..innciw rnmhined to achieve different ends. For 

35 various membrane separation methods have been P ^ °^ 'j^^^^^^^^^^ ultrafiltration for the 

example. U.S. Patent No. ::Z:;Z:. liquid or their desirable 

separation of microorganism in ^ ^S'^;' ^^^^7^,^ presumed molecular weight cut-off of 

metabolic products. This -ethod^ to a large ex^nt, re e P ^^^^^^^ ^^^^^.^ 

the ultrafiltration membranes. Similarly, U.S. Patent ino. ^.uu , ^ molecular 

.0 tration ,0 punfy aqueous solutions conta^ing low evels °' .^^^^m ed olub^^ ranges of the 
weights Of less ^-^^^^^ J^^^^h^^ ^-ired result. Each of these 

contained contaminants and also relies neavny u. u <-„hstances from aqueous solutions; 

processes claims to be able to separate out small ^arL range of low 

Lever, neither describes a separation procedure in ^^l^'^^'^^l^'^^^^^^^ 

.s molecular weigh, solutes can be separated from ^^^er solutes wh ch - .^^ ,.3^^33j. -,hus, 

further unreliability of the ultrafiltration ^^^-t^rane c t-ott P^"J^ .^^^ ^^^^^^ ^ ^.S. Patent No. 

neither of these procedures would appear ^° ^-tab P;°^^^^^ P,,,, ,3ter being then 

3,774.763 describes a method of ^^^^^ ^J^^'^^^^^ll^^^^^^^^^ complex, requiring a 

. SuS oTsra=^^^^ - - 

— — ^ — r ag:s 1" :^c:r 

the aqueous -lotion, nor .^^^^^^^ to an advantage, to 

instead, the present process utilizes tne inne ^,03^ molecular weight. 

55 separate out from a heterogeneous ^ °' L^^^^^^^ of a reverse osmosis process to 

molecules of 2000 daltons or ess, and ^^^^^^^^^^^^ 3,, continuously accumulate the 

ryz^P^o^ r~^^^^^^^ oUs reservoir. The final product yielded is one 
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wh,ch meets the requirements of a solution conta,n,ng a speeded range o. low molecular we.gh. peptides. 
The process ,s s.mple, requ.r.ng essent.ally only a two-step procedure wh.ch can be repeated con nually 
until the concentra.,on o( solute -n the reverse osmos.s reservoir ,s such as to prohibit the production o 
sutlicient pressure to continue the reverse osmosis step^ The process has the further advantage of not 
necessanly requinng any further separation or purification procedures upon its completion. 

The elements to be used in the present procedure may be any dialysis and reverse osmos. apparatus 
known ,n the art. Each unit may also be operated >n accordance with known procedures with respect to 
emperature pressures, feed rates, and so on. The operating pressure in the d.alyzer should generally be 
0 mo e han 500 mm, preferably .ess. The operating pressure for the high pressure portion of the rever e 

0 osmosis unit must be in excess of the osmotic pressure of the solution ,n the reverse osmos.s reservoir and 
mus^ be sufficiently elevated so as to produce a fresh water permeate stream against wh.ch the solute 
rntalning stream Lru the reactor is dialyzed. The typical operating pressure of the — ^^^^-^'^ ^'^ 
p^Tuclion of the present product is between 150 and 300 psi. and preferably between 200 and 250 p ^ 
howev t wHI be apparenuo the experienced worker that the pressure may be vaned ,n accordance with 

5 product t be isolated if ,t is other than small peptides Suitable connections for the two un.ts are any type 
0 low p essure tubing composed of an inert, non-toxic materiaf such as plastic or silicon The exception is 
the connect^ between the pump and circulating line of the reverse osmosis which requires high pressure 

'"'a wid'evariety of membranes suitable for use in dialysis and reverse osmosis processes are knowr. ,n 

,0 .he art (see for example, Kirk-Othmer Ed., Encyclopedia of Chemical Technology. 3rd ed.. Vol. 7^ 
-Dialysis" 1979 and Vol, 20, "Reverse Osmosis", 1982). Virtually any of the known membrane with 
d2c properties may be employed in dialysis; these may be made of. for example, cellulose, cellulose 
S e StyCe vinyl alcohoK^ or polymethylmethyacrylate, In the preparation of peptide 

n^^x res, i^^^^^^^ membranes are preferably used, particularly hollow fiber membranes, and the associated 

.5 Ilyzers These membranes are available in a range of permeabilities, most of wh.ch are suitab e fo he 
p esent procedure. The choice of which membrane to use is made based upon the average size of the 
s red mo'ecu es required. For example, a membrane of "normal" permeability, such as .s conta.ned ,n 
me HF 140 dialyzer (Cobe Laboratories), is generally impermeable to anything with ^ -f^^'^^ ' °' 
over 1500- however, if a slightly larger molecular weight size is desired, certain types of fibers, such as D2^ 

30 HDF (Enka), are still permeable up to a molecular weight of 3000-4000 daltons. The permeabilities of the 
commercia ly available membranes are known, and it is within the skill of the experienced worker to 
derermine which of the membranes is best suited to his purpose, depending on the ^ze and ype o 
mo ecule to be isolated. With respect to reverse osmosis membranes, any membrane with a ^.9^ eve o 
?ZZn of electrolytes is suitable. Thin film composite membranes, in a spiral wound configuration, have 

35 proven particularly useful in the present process. However, hollow fiber membranes may also be used 

''rti:^r:^::l£::T:.e..r^e. .< the so^ce Of the solute containing solution is a biolog.ca. 
reactor the average size of the final product mixture may be controlled by Hmiting the rate of enzyr.at,c 
deale or the rate of the microbial metabolic process producing the product. For example whe,^ a 
.0 process of enzymatic cleavage is involved, the rate of the reaction may be kept down by ma.ntain.ng a ow 
'evel of er^zyme relative to substrate. The rate may also be altered by running the reaction at a emperature 
or pH whSTs less than optimum for the enzyme or microorganism bring utilized. Such modifications are 
werwi^the ability of one skilled in the art. I. will also be apparent to the skilled worker that modifications 
of hr eact on process may be combined with the choice of membrane to most efficiency and accurate! 
« produce he desired product. In other words, assuming that the molecular weight of the desired product is 
known it is a relatively simple matter to determine, by routine, brief runs through the present procedure, 
which combination gives the most satisfactory results for the product of interest. 

As noted above, the present method is particularly well suited to the preparation of mixtures of low 
molecular weight peptide mixtures and may be used commercially in connection with hydrolysis of other. 
50 types Of proteins, such as soybean, egg or milk proteins. „crr,ntiraliv 
With respect to the present product, the purified peptide mixture can be combined with any osmotically 
bala^c d a o s solution appropriate for use as a peritonea, dialysate. Useful dialysate -st coriUin, - 
order to be effectively osmotica.ly balanced for the present purpose, a concentration of electrolytes 
suHicient to cause diffusion of water and undesirable metabolic products across the P-^--. The^ s n 
55 "Standard" dialysis solution, since the requirements may vary from one individual to the ^ "su^' 
so ution would contain, for example, specific quantities of sodium, chloride, lactate, magnesium and calcium^ 
The contents of a typical dialysate solution is presented in Table 2. without the amount of osmotic agen 
Ipec ed a glucose solution, glucose monohydrate would typically be added in an amount from about 
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1.5-4.25%. It wilt be understood that this represents just one example of a possible solution and the 
variations in the pattern will be apparent to the skilled artisan. The proportion of the peptide mixture in the 
dialysate can vary, but normally compnses in the range of about 1 to 15% by weight of dialysate solution. 
In any event, the amount of peptide used should be sufficient to confer, with supporting electrolytes an 
osmolality of about 300 to about 500 mOsm/l (280 mOsm/1 being normal serum osmolality, and the 
electrolytes themselves usually contributing an osmolality of about 260 mOsm/l). Administration of the 
dialysate is achieved in the manner which is usually followed for peritoneal dialysis. Exemplary modes of 
peritoneal dialysis are described in Peritoneal Dialysis , K. Nolph, ed.. Martinus Nighoff Publishers, 1981. 
The particular treatment regime required by any individual patient is readily determinable by the patient's 
physician. 

TABLE 2 



Components of a typical peritoneal lavage solution (in meq/l) 


Na 


132.0 


Ca 


3.5 


Mg 


0.5 


CI 


96.0 


lactate anion 


40.0 



The present invention may be more clearly understood by reference to thejollowing non-limiting 
examples: 



EXAMPLE 1 



The following Example shows a method of preparing the peptide mixture. 

A. 150 grams of SAVOR PRO (Express Foods, Inc.. Louisville. KY). a 75% whey protein concentrate was 
dissolved in 3 I of distilled water and dialyzed to remove residual lactose and salts. This treatment 
served to decrease the conductivity of the solution from 700 to 26 microohms. ^ 

The pH of the solution was adjusted to 8.0. and the solution brought to 40* C. The solution was then 
transferred to an enzyme reactor and circulated through the dialyzer (as diagrammed in Figure 1). The 
dialysate side of the dialyzer was supplied pure water from the output of a reverse osmosis (R.O.) unit, 
utilizing a thin film composite, spiral wound element (Film-Tec). The dialysate was returned to the 
product reservoir vessel from which the R.O. unit was supplied. The circulation rate through the R.O. 
from the product reservoir was ten times as great as Its pure water production rate, in order to maximize 
the latter; the unit was operated at a pressure of about 200-250 psi. With both circuits In operation. 1.5 
gms. each of Sigma trypsin and chymotrypsin were added to the enzyme reactor. As enzyme cleavage 
proceeded, the pH of the reaction was maintained by addition of NaOH. As peptides smaller than 2000 
daltons formed in the reactor, they were dialyzed through the dialysis membranes (HF-140 hemodialyzer. 
Cobe Laboratories; Lakewood Colorado) into the product reservoir, where they remained, since the R,0. 
Unit was retentive of even small electrolytes such as NaCI. The reactor was allowed to run for two hours, 
with samples taken every 10 minutes. The product reservoir continued to increase in peptide concentra- 
tion and osmolality- The final product obtained from the product reservoir was 46.5 grams (31% yield) 
with an average equivalent weight of 408. Analysis of the product on a P2 gel exclusion column using 
30% acetic acid as eluent showed essentially no peptide in the void volume of the resin, indicating all 
peptides are less than 1800 daltons, 

B. The reaction of A was repeated exactly, but using a more permeable dialyzer (Fresenius D-6 dialyzer, 
Bad Homburg. F6R; D2-HDF fibers, Enka AG). This allowed extraction of a higher percentage of larger 
peptide fragments than was possible in A. The elution was conducted as in A. and the results are 
presented in Figure 2. The equivalent weight of the preparation was 483. 



EXAMPLE 2 

The following Example shows a procedure in which the peptide mixture is purified by ultrafiltration 
rather than by dialysis and reverse osmosis. 

a. A 3% solution of whey protein concentrate (85% protein) was brought to pH = 8. Trypsin from Sigma 
Chem. Co. (#T2395) was added at a ratio of 1:100 on protein after the solution had been brought to 
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50* C. The osmolality of the starting protein solution (by freezing point depression) was 47 mOsnn/t. At 
the end of 30 mins reaction ttnne the solution was uitrafiltered through a cellulose nnembrane (linniting cut- 
oft = 5000 daltons). When the pH was brought back to the starting value, the osnnolality was 112 
mOsm/l. Gel exclusion chromatography of the ultrai'iitrate indicated that despite the low cut-off des- 
5 ignated by the manufacturer a small portion of the startinga-lactalbumin (M.Wt.= 14.200 permeated the 
ultrafilter. in addition to a wide molecular weight range of peptide product. 

B. A 5% whey protein solids solution in deionized water was found to have an osmolality of 18 mOsm/I. 
The solution was dialyzed to reduce electrolyte content and then showed an osmolality of 13 mOsm/1. An 
ultrafiltrate (through a nominal 20,000 dalton cut-off membrane) of this solution had an osmolality of only 

w 3 mOsm/l while the retentate increased to 19 mOsm/l, mdicating that there was very little low molecular 
weight solute (i.e., lactose, salts, etc.) contributing to the osmolality of the starting whey solution. When 
the UF retentate was reacted with trypsin at pH = 8, the resulting hydrolysate had an osmolality of 59 
mOsm/1. The hydrolysate was uitrafiltered through the same type of membrane as above; the filtrate 
osmolality was found to be 21 mOsm/l. The ultrafiltration experiments showed that the protein digestion 

15 was not complete and that the product obtained by ultrafiltration of the hydrolysate contained significant 
quantities of large peptide fragments. GPC analyses confirmed that the ultrafiltrate contained not only 
large peptides, but also some of the starting o-lactalbumin. 

EXAMPLE 3 

20 

The following represent the electrolyte components of the peritoneal dialysate solution used herein 
(gm/1): 
. NaCI 5.38 
CaCi2 0.257 
25 MgCl2 0.0508 
Na lactate 4.48 

The above components provide an osmolality of about 260 mOsm/i. To the above mixture is added 61.1 
grams of the peptide mixture per water which provides an osmolality of approximately 126 mOsm/l, giving 
the solution as a whole an osmolality approximately equivalent to that of a 2.5% glucose solution. 

30 

EXAMPLE 4 



Utilizing the peptide mixture of Example IB in a solution as described in Example 3, experiments were 
carried out to compare the effectiveness of the low molecular weight peptides as osmotic agents, relative to 
35 the effectiveness of glucose. 

The trials employed four rabbits, tested in an A-B sequence, so that each rabbit served as its own 
control. Each animal was dialyzed with either 2.5% glucose, or alternately, with sufficient peptide to bring 
the osmolality of the solution to approximately that of the 2.5% glucose solution (385 mOsm/1). Each 
animal's peritoneal cavity was loaded to approximately 50ml of dialysate per kg of body weight. The 
40 instilled volumes and gain in fluid (due to osmotic ultrafiltration) at the end of 60 minutes are listed in the 
following table: 



50 



Animal 


Glucose Solution 


Peptide Solution 


Vol. ml. t = 0 


Vol. ml. t = 60 


Gain% 


Vol. ml. t 


= 0 


Vol. ml. t = 60 


Gain% 


#1 


190.0 


192.0 


.01 


204.4 




232.0 


13.5 


02 


142.3 


161.0 


12.9 


139.0 




164.0 


18.0 


#3 


175.9 


189.0 


7.4 


183.2 




200.0 


9.2 


04 


168.8 


177.0 


5.5 


157-3 




172.0 


9.3 






Avg. 


63 








T23 



At the same osmolality as glucose, the peptides show a nearly 100% increase in osmotic pumping 
activity at 60 minutes, apparently due to the lower rate of loss of peptide compared to glucose \n the 
55 circulation. Figures 3 and 4 show plots of the average amine-end-group concentrations vs. time and the 
glucose vs. time in the peritoneum. These verify that only 20% of the peptide (measured by end groups) is 
lost, compared with nearly 35% of the glucose being lost. These results are even more significant in view of 
the fact that the glucose had not yet equilibrated to plasma levels at 60 minutes. 
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Claims 

1 A peritoneal dialysate which comprises as an csnnotically active agent an osmotically effective amount 
of a mixture of peptides, the mixture consisting substantially of peptide having a molecular weight of 
about 300 to about 2000 daltons. and an equivalent weight between about 150 to about 1500. 

2. The dialysate of Claim 1 wherein the peptides are produced by hydrolysis of at least one high-quality 
protein. 

3. The dialysate of Claims 1-2 wherein the hydrolysis is enzymatic hydrolysis. 

4. The dialysate of Claims 1-3 wherein the protein is whey protein. 

5. The dialysate of Claims 1-4 wherein the enzyme is selected from the group consisting of trypsin, 
chymotrypsin, pepsin, papain, pancreatine, microbial proteases, and mixtures thereof. 

6. The dialysate of Claims 1 -5 which also comprises an osmotically balanced aqueous electrolyte solution. 

7. The dialysate of Claims 1-6 wherein the peptides, in combination with electrolytes, are present in an 
amount sufficient to provide an osmolality of about 300 to about 500 mOsm/l. 

8. The dialysate of Claims 1-7 wherein the mixture contains less than 5 mole percent of free amino acid. 

9. The dialysate of Claims 1 -8 wherein the peptides comprise about 1 to 1 5% by weight of the solution. 

10. A therapeutic composition comprising a mixture of peptides produced by enzymatic hydrolysis of a 
high quality protein, the mixture having the following characteristics: 

a) the mixture consists substantially of peptides having a molecular weight of between 300 to 2000; 

b) the mixture contains no more than about 5 mole percent of free amino acid; 

c) the mixture contains at least about 50% of essential amino acids; 

d) the mixture is osmotically effective when added in sufficient amount to a peritoneal dialysate 

solution; and , i cn 

e) the mixture consists substantially of peptides having an equivalent weight between about 150 to 

1500. 

11 A process for preparing the composition of Claim 10 which comprises: 

a) treating a high quality protein in an aqueous solution under hydrolizing conditions, with at least 
one hydrolytic enzyme, to produce a peptide-containing solution, at least some of the peptides 
having a low molecular weight between about 300 to about 2000; 

b) contacting the peptide containing solution with one side of a dialysis membrane capable of 
allowing transport of the low molecular weight peptides; 

c) simultaneously contacting the opposite side of the membrane with substantially pure water 
derived from a reverse osmosis unit, fed by a reservoir, said water having a sufficiently low solute 
concentration to allow transport of the peptides across the membrane into the water; and 

d) directing the water and transported solutes to the reservoir; and 

e) accumulating the transported peptides in the reservoir by solute retention of a reverse osmosis 
membrane; and, optionally 

f) repeating steps (a)-(e) by recycling the aqueous solution and the water until the concentration of 
the solution in the reservoir is sufficient to prevent production of pure water from the reverse 
osmosis unit. 

Revendlcations 

1 Dialysat peritoneal qui comprend en tant qu'agent osmotiquement actif une quantite osmotiquement 
efficace d'un melange de peptides, le melange etant constitue sensiblement de peptides ayant un 
poids moleculaire d'environ 300 k environ 2.000 daltons et un poids equivalent situe entre environ 150 
et environ 1 .500. 



11 
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2. Dialysat selon la revendication 1 dans lequel les peptides sont produits par I'hydrolyse d'au moins une 
protetne de haute qualite. 

3- Dialysat selon les revendications 1 a 2. dans lequei I'hydrolyse est une hydrolyse enzymatique. 

5 

4. Dialysat selon les revendications 1 a 3. dans lequel la proteine est une proteine de petit lait. 

5. Dialysat selon les revendications 1 a 4, dans lequel Tenzyme est selectionnee a partir du groupe 
constitue de la trypsine, de la chymotrypsine, de la pepsine, de la papaVne. de la pancreatine, de 

10 proteases microbiennes et de melanges de ceux-ci. 

6. Dialysat selon les revendications 1 a 5, qui connprend egalement une solution d'electrolyte aqueuse 
equilibree du point de vue osnnotique. 

75 7. Dialysat selon ies revendications 1 a 6,dans lequel les peptides en combinaison avec des electrolytes 
sont presents en quantite suffisante pour procurer une osmolarite d'environ 300 a environ 500 nnOsnn-^. 

8. Dialysat selon les revendications 1 a 7.dans lequel le melange contient moins de 5 moles % d'amino- 
acide. 

20 

9. Dialysat selon les revendications 1 a B.dans lequel les peptides comprennent environ 1 a 15 % en 
poids de la solution. 

10. Composition therapeutique comprenant un melange de peptides produit par hydrolyse enzymatique 
25 d'une proteine de haute qualite. le melange ayant les caracteristiques suivants : 

a) le melange est constitue essentiellement de peptides ayant un poids moleculaire sitae entre 300 
et 2.000; 

b) le melange ne contient pas plus d'environ 5 moles %-d'amino-acide libre; 

c) le melange contient au moins 50 % d'amino-acides essentiels; 

30 d) le melange est efficace du point de vue osmotique lorsqu'il est ajoute en quantite suffisante a une 

solution de dialysat peritoneal; et 

e) le melange est constitue essentiellement de peptides ayant un poids equivalent situe entre 
environ 150 et 1.500. 

35 11. Precede pour preparer la composition de la revendication 10 qui comprend : 

a) le traitement d'une proteine de haute qualite dans une solution aqueuse sous des conditions 
d'hydrolyse, avec au moins une enzyme hydrolytique pour produire une solution contenant des 
peptides, certains au moins des peptides ayant un poids moleculaire faible situe entre environ 300 
et environ 2.000; 

40 b) mise en contact de la solution contenant les peptides avec I'un des cotes d'une membrane de 

diaiyse capable de permettre le passage des peptides de poids moleculaire faible; 

c) mise en contact simultanement du cote oppose de la membrane avec de I'eau sensiblement pure 
obtenue a partir d'une unite d'osmose inverse, alimentee par un reservoir, ladite eau ayant une 
concentration de solute suffisamment basse pour permettre le passage des peptides a travers la 

45 membrane dans I'eau; et 

d) orientation de I'eau et des solutes transportes vers le reservoir; et 

e) accumulation des peptides transportes dans le reservoir par retention de solute d'une membrane 
a osmose inverse; et.optionnellement, 

f) repetition des etapes (a) a (e) en recyclant la solution aqueuse et I'eau jusqu'a ce que la 
50 concentration de la solution dans le reservoir soit suffisante pour empecher la production d'eau pure 

a partir de I'unite d'osmose inverse. 

Patentanspriiche 

55 1. Peritonealdialysat. das als osmotisch aktives Mittel eine osmotisch wirksame Menge einer Mischung 
aus Peptiden umfafit. wobei die Mischung im wesentlichen aus Peptiden mit einem Molekulargewicht 
von etwa 300 bis etwa 2000 Dalton und einem Aquivalentgewicht von etwa 150 bis etwa 1500 besteht. 
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10 



2. Dialysat nach Anspruch 1. worm die Peptide durch Hydrolyse wenigstens eines Proteins mit hoher 
Qualitat hergesteilt werden. 

3. Dialysat nach den AnsprUchen 1 bis 2. worin die Hydrolyse eine enzynnatische Hydrolyse ist. 

4. Dialysat nach einenn der Anspruche 1 bis 3, worm das Protein Molkenprotein ist. 

5. Dialysat nach einem der Anspruche 1 bis 4. worin das Enzym aus der Gruppe, bestehend aus Trypsin, 
Chymotrypsin. Pepsin. Papain, Pankreatin. Mikrobenproteasen und Mischungen daraus gewahit wird. 

6. Dialysat nach einem der Anspiuche 1 bis 5, das ebenfalls eine osnnotisch ausgeglichene wafirige 
Elektrolytlosung umfa/3t. 

7. Dialysat nach einenn der Anspruche 1 bis 6, worin die Peptide in Konnbination mit den Elektrolyten in 
15 einer Menge vorliegen. die ausreichend ist. um eine Osmolalitat von etwa 300 bis etwa 500 mOsm/l zu 

ergeben. 

8. Dialysat nach einem der Anspruche 1 bis 7, worin die Mischung weniger als 5 Mol-% freie Aminosau- 
ren enthalt. 

20 

9. Dialysat nach einem der Anspruche 1 bis 8, worin die Peptide etwa 1 bis 15 Gew.-% der Losung 
umfassen. 

10. Therapeutische Zusammensetzung. umfassend eine Mischung aus Peptiden. hergesteilt durch enzyma- 
25 tische Hydrolyse eines Proteins mit hoher Qualitat. wobei die Mischung die folgenden Eigenschaften 

besitzt: 

a) die Mischung besteht im wesentlichen aus Peptiden mit einem Molekulargewicht von 300 bis 
2000; 

30 b) die Mischung enthalt nicht mehr als etwa 5 Mol-% freie Aminosauren; 

c) die Mischung enthalt wenigstens etwa 50 % essentielle Aminosauren; 

d) die Mischung ist osmotisch wirksam, wenn sie in einer ausreichenden Menge zu einer Peritoneal- 
dialysatiosung gegeben wird; und 

e) die Mischung besteht im wesentlichen aus Peptiden mit einem Aquivalentgewicht von etwa 150 
35 bis 1500. 

11. Verfahren zur Herstellung der Zusammensetzung nach Anspruch 10. das die foigenden Stufen umfafit; 

a) Behandein eines Proteins mit hoher Qualitat in einer waflrigen Losung unter Hydrolysebedingun- 
40 gen mit wenigstens einem hydrolytischen Enzym, um eine peptidhaltige Losung herzustellen, wobei 

wenigstens einige Peptide ein geringes Molekulargewicht zwischen etwa 300 bis etwa 2000 besitzen; 
und 

b) Inberuhrungbringen der peptidhaltigen Losung mit einer Seite einer Dialysemembran. die den 
Transport der Peptide mit niedrigem Molekulargewicht bewirken kann; 

45 c) gleichzeitiges Inberuhrungbringen der gegenuberiiegenden Seite der Membran mit im wesentli- 

chen reinem Wasser, abgelettet aus einer Umkehrosmoseeinheit. eingespeist durch ein Reservoir, 
wobei das Wasser eine ausreichend niedrige Konzentration an gelosten Stoffen enthalt, um den 
Transport der Peptide durch die Membran in das Wasser zu ermoglichen; und 
d) Leiten des Wassers und der transportierten gelosten Stoffe in das Reservoir; und 

50 e) Sammein der transportierten Peptide in dem Reservoir durch Retention der gelosten Stoffe 

mittels einer Umkehrosmosemembran; und gegebenenfalls 

f) Wiederholen der Stufen (a) bis (e) durch Ruckfuhren der waflrigen Losung und des Wassers, bis 
die Konzentration der Losung in dem Reservoir ausreichend ist, um die Herstellung von reinem 
Wasser aus der Umkehrosmoseeinheit zu verhindern. 

55 
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